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摘 要 
 
水稻是世界上最重要的禾谷类作物之一，提高水稻产量和改善稻米品质是水稻
遗传与育种研究的永恒主题。水稻粒形是粒长、粒宽、长宽比及粒厚的综合性状，
是稻米外观品质的重要指标，同时对稻米的碾磨品质、食味品质及产量均有重要影
响。厦门大学水稻遗传育种研究室长期致力于大粒优质水稻新品种的遗传与育种研
究，前期采用 60Co-γ 射线辐照水稻成熟花粉诱变方法，获得了一批遗传上稳定的
长粒大粒水稻种质材料并广泛应用于优质籼稻育种中。为了解这些大粒材料谷粒性
状的遗传基础，本研究选择其中的三个大粒品系 JF171、JF178、JF3 与引进的小粒
品种 Samba 配制杂交组合，并构建遗传群体，对谷粒性状进行遗传分析及相关数
量性状基因（Quantitative Trait Loci，QTLs）的定位，并克隆了水稻粒长基因 LGS1，
对其功能进行了研究，主要结果如下： 
（1）通过对 JF171/Samba、JF178/Samba、JF3/Samba 三个 F2 群体粒形、粒重相
关性状的遗传分析及基因定位结果表明，三个群体均在水稻第 2 染色体长臂下端检
测到控制粒形及粒重相关主效 QTLs，这些 QTLs 可解释的表型变异大多在 20%以
上。推测该座位上存在一个粒长相关性状的主效基因，命名为 LGS1。整合这三个
群体的定位结果发现 LGS1 位于 SSR 分子标记 RM263-RM240 之间，物理距离约为
5.6-Mb。 
（2）通过连续多次回交，采用 DNA 分子标记辅助选择与表现型选择相结合方
法构建 BC5F2 高代回交群体及近等基因系（Near-isogenic line，NIL），将第 2 染色
体上的水稻粒长相关基因分解为单个孟德尔遗传因子。在 BC5F2 群体中，谷粒的长
短表现受一对基因控制，且长粒对短粒表现为不完全显性遗传。利用隐性单株连锁
分析法，通过在目标区段内发展新的分子标记及进行高精度连锁分析，采用图位克
隆方法，将粒长主效基因 LGS1 定位在分子标记 RM13838 和 RM13841 之间，物理
距离约 20-kb。生物信息学分析表明，该区间内只存在一个候选基因，编号为
LOC_Os02g47280。该基因编码一个新的转录因子，属于转录因子 GRF 家族的一个
成员。对长粒突变体及短粒野生型亲本 Ma85 进行 LOC_Os02g47280 基因序列分析
发现，两者在该基因编码区上存在一处两个碱基的替换，引起氨基酸发生改变，即
由 Ma85 中的丝氨酸（S）变为长粒突变体中的赖氨酸（K），因而推测
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LOC_Os02g47280 为 LGS1 的目标基因。将 Ma85 中含有 LOC_Os02g47280 基因的
片段表达在长粒突变体 JF178 中，转基因植株的谷粒显著缩短。因此，我们推测
LOC_Os02g47280 是引起长粒突变体 JF171，JF178 及 JF3 长粒表型的相关基因。 
（3）通过对 LOC_Os02g47280 基因启动子表达模式分析，检测到 LGS1 只在发
育中的谷粒颖壳中表达，与预计的 LGS1 调节水稻粒长的表达模式相一致。在根、
茎、叶等其它营养器官中均未检测到 LGS1 的表达，可能 LGS1 只是特异地调节水
稻颖花的发育，而不影响其它器官的生长和发育。 
（4）将来自 Samba 的 LOC_Os02g47280 基因的编码区（Coding sequence，CDS）
过量表达在水稻品种中花 11（ZH11）中，转基因植株谷粒长度没有明显改变，但
谷粒宽度却显著缩短。推测 LGS1 可能也参与调节谷粒宽度。 
（5）对长粒近等基因系 NIL (LGS1)及其背景系 Samba 的谷粒性状及灌浆速度
进行观察比较发现，NIL 的粒长、粒宽、粒厚及粒重均比 Samba 有显著增加；在
籽粒灌浆前期，即从抽穗后 5d 至抽穗后 15d 内，NIL（LGS1）的灌浆速度明显高
于 Samba，较大的库容量及运输能力强的“流”可能是 NIL 形成较高谷粒重的基
础。 
综上所述，我们定位克隆了 LGS1 基因，该基因对长粒突变体株系 JF171、JF178
及 JF3 的粒长和粒宽表现出主效调控作用。为了更深入地了解 LGS1 基因的生化功
能及其遗传调控网络，以更好地阐明其如何调控水稻谷粒颖壳的发育，我们正开展
一系列的相关实验。作为 GRF 家族的一个成员，LGS1 代表了一类对水稻粒形起主
要调节作用的新型蛋白质。由于是一个转录因子，LGS1 可能潜在地调节着一系列
参与水稻粒形及种子发育基因的表达。了解 LGS1 所调节的下游靶基因将丰富我们
对水稻颖花发育及种子形成的认识。LGS1 也将是育种家们培育长粒优质水稻品种
的一个有力工具。 
 
关键词：水稻；粒形；图位克隆 
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Abstract 
 
 Rice (Oryza sativa L.) is one of the most important cereal crops in the world. Grain 
yield increase and grain quality improvement are two fundamental challenges in rice 
genetics and breeding. Rice grain shape is a phenotype controlled genetically by 
quantitative trait loci (QTLs).  It is characterized by a combination of grain length (GL), 
grain width (GW), grain length to width ratio (LWR) and grain thickness (GT), and has 
major impacts on grain yield, milling quality, and human consumption. The rice genetics 
and breeding group in Xiamen University has been working on the development of rice 
cultivars with high yield and improved grain quality for the last three decades. A 
combination of various approaches including discovery of new genes through 
mutagenesis, traditional and molecular breeding techniques have been incorporated in 
the genetics and breeding program. Mature pollen grains of Ma85 were subjected to 
gamma-ray irradiation, and used to pollinate emasculated flowers of untreated Ma85 
plants (M0 plants). A set of long grain mutants was isolated from the M2 population. 
These long grain mutants have widely been used in our breeding program. However, the 
genetic basis underlying the long grain appearance is unclear. In this work, we chose 
three of the long grain rice mutants, JF171, JF178 and JF3, to cross with Samba, a rice 
cultivar with very short grains. F2 and advanced backcross populations were generated 
for genetic analysis of grain traits. QTLs associated with grain traits were mapped and 
one major QTL underlying the long grain shape trait (LGS1) was cloned and 
characterized. The main results of this study are summarized as the following:  
(1)  Genetic analysis and QTL mapping on grain trait for JF171/Samba, 
JF178/Samba and JF3/Samba F2 populations revealed that there are major QTLs 
associated with grain shape or weight on the long arm of chromosome 2. These QTLs 
were detected in all the three mapping populations. Most of these QTLs each could 
explain over 20% of phenotype variations. Integration of QTL mapping results further 
revealed the location of major QTLs associated with grain trait between simple sequence 
repeats (SSR) markers RM263 and RM240 on the long arm of chromosome 2, with a 
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physical distance of about 5.6-Mb. 
(2) Using the multiple backcrossing technique in combination with marker-assisted 
selection (MAS) and phenotype identification, an advanced backcrossing BC5F2 
population and near-isogenic lines (NILs) were constructed. In the BC5F2 population, the 
major QTL associated with long grain shape trait (LGS1) was found to act as a single 
Mendel genetic locus, displaying incomplete-dominance of the long grain trait over 
short grain phenotype. For fine mapping of LGS1, new molecular markers were 
developed and high resolution linkage analysis was conducted. The LGS1 locus was 
narrowed to a physical region of 20-kb between SSR marker RM13838 and RM13841. 
Analysis of bioinformatic information of online rice genomic databases revealed the 
existence of only one predicated gene in this region, LOC_Os02g47280, which encodes 
a new transcription factor belonging to the growth regulation factor (GRF) protein 
family. Genomic DNA fragments of LOC_Os02g47280 were cloned from the long grain 
mutants and the short grain ―wild-type‖ control parent line Ma85. Comparison of DNA 
sequences between the mutants and their parental line identified a change of 2-bp on the 
coding region that would result in amino acid substitution from a serine (S) residue in 
Ma85 to a lysine (K) in the mutant genes. When the genomic DNA fragment containing 
Os02g47280 from Ma85 was expressed in the long grain mutant JF178, the grain length 
was reduced significantly, exhibiting major effects of Os02g47280 on the quantitative 
trait of grain length in Ma85. We concluded that Os02g47280 is most likely the causal 
gene (LGS1) responsible for the long grain shape trait observed in the long grain rice 
mutants, JF171, JF178 and JF3. 
(3) Analysis of the expression patterns of the LGS1 promoter-glucuronidase (GUS) 
reporter construct in transgenic rice plants showed that the LGS1 gene is expressed only 
in the developing hull, which is consistent with the proposed function of LGS1 in 
regulation of grain shape in rice.  The expression of the LGS1 gene was not detected in 
other vegetative tissues including roots, stem and leaves, suggesting that LGS1 may not 
play any role in the regulation of plant growth and development except flower 
formation.  
(4)  Overexpression of the Os02g47280 CDS from Samba under the control of the 
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Camv35S promoter in the short grain line ZH11 did not alter the grain length, but 
resulted in a reduction in grain width in transgenic plants. This observation implies that 
LGS1 may play a role in the regulation of grain width.  
(5)  The grain filling rate of the long grain near-isogenic line (NIL-LGS1) was 
found to be higher than that of the short grain parental line Samba in the early grain 
filling stage 5 to 15 days after heading.  This strong transport ability together with the 
large sink capacity due to the increase grain length may explain the increased grain 
weight observed in the long grain mutants. 
 In summary, we have mapped and cloned the LGS1 locus that exhibits a major 
effect on grain length and width in the long grain mutant lines JF171, JF178 and JF3. We 
are conducting a series of experiments in order to elucidate the biochemical function of 
LGS1 and its regulation network, and to understand how it regulates the development of 
rice hull. As a member of the GRF family, LGS1 represents a new class of proteins that 
contribute major effects on the regulation of grain shape in rice. As a transcription factor, 
LGS1 may potentially regulate the expression of a set of genes that play important roles 
in grain shape specification and seed development. Understanding the target genes 
regulated by LGS1 will advance our understanding of flower and seed formation. LGS1 
has also offered an useful molecular tool for breeders to trace long grain genes in rice 
plants before grain are developed. 
 
 
 
Key words: Rice (Oryza sativa L.), Grain shape, Map-based cloning 
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缩略语 Abbreviations 
 
ABA：Abscisic acid, 脱落酸 
BR: Brassinosteroid, 油菜素内酯 
BSA: Bulked segregant amalysis, 分离体分组分析法 
CDS：Coding sequence，编码区 
GA：Gibberellin, 赤霉素 
GL：Grain length，粒长 
GRF：Growth regualation factor, 生长调节因子 
GS：Grain shape, 粒形 
GT：Grain thickness, 粒厚 
GUS：Glucuronidase，葡糖苷酸酶 
GW：Grain width，粒宽 
InDel：Insert/Deletion，插入/缺失 
KGW：Kilo-grain weight，千粒重 
LWR：Length to width ratio, 长宽比 
MAS: Markerassisted selection，分子标记辅助选择 
NIL：Near-isogenic line，近等基因系 
ORF：Open reading frame，开放阅读框 
QTL：Quantitative trait loci，数量性状基因 
SNP：Single nucleotide polymorphism, 单核苷酸多态性 
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